The assessment of active language lateralisation in infants and toddlers is 20 challenging. It requires an imaging tool that is unintimidating, quick to setup, and 21 robust to movement, in addition to an engaging and cognitively simple 22 procedure that elicits language processing. Functional Transcranial Doppler 23 Ultrasound (fTCD) offers a suitable technique and here we report on a suitable 24 method to elicit active language production in young children. The 34--second 25 'What Box' trial presents an animated face 'searching' for an object. The face 26 'finds' a box that opens to reveal an object, which may be labelled spontaneously, 27 in response to a "What's this?" prompt, or in response to the object label. What 28
Introduction 38
The specialisation of cognitive capacities to the left and right cerebral 39 hemispheres is referred to as the lateralisation of cognitive function and, in most 40 people, the left hemisphere is specialised (or dominant) for language processing 41 whilst the right is specialised for visuo--spatial processing. There is evidence that 42 this specialisation for language reception is apparent early in development 43
(Dehaene--Lambertz, 2000) but the lateralisation of language production has 44 been harder to determine. Here we report a method for examining language 45 reception and production that is suitable for use with young children. 46
Owing to the inherent difficulty for children below the age of 5 to stay still -47 a significant problem for functional Magnetic Resonance Imaging (fMRI) -48 researchers have favoured functional Transcranial Doppler Ultrasound (fTCD) 49 for investigating language lateralisation in this age group. FTCD is used to 50 measure the blood flow velocity in the left and right cerebral arteries, most 51 commonly, the middle cerebral arteries (Aaslid, Markwalder, & Nornes, 1982 ; 52 Newell & Aaslid, 1992) ; faster event--related velocities in a given hemisphere are 53 indicative of cerebral lateralisation for that event (i.e., language production). The 54 gold standard task for assessing language lateralisation using fTCD is Word 55 Generation task. It involves the generation of words beginning with a visually 56 presented letter (Knecht et al., 1996) . The task is reliable ( However, whilst Word Generation works well for adults, silent word productionparadigm did not explicitly encourage labelling. 89
The other concern with the use of fTCD with children is maintaining task 90 interest during periods of rest, when blood flow velocity returns to a resting 91 state (see Deppe, Ringelstein, & Knecht, 2004) . This is 40 secs for Word 92
Generation, during which participants are asked to relax and think of nothing. 93
For the Animation Description task, the period is significantly reduced to 8 secs 94
and includes an image of a boy in a 'Shh' gesture (Bishop et al., 2009 ), however, 95 our pilot work determined that this task was not suitable to maintain 18--month--96 olds' interest. 97
The What Box Task 98
The 'What Box' task follows from this literature as a procedure to elicit 99 covert or overt language production in young children. Very simply, the task 100 includes a line drawing of a face 'searching' for a box. Upon 'finding' the box, an 101 image of an object is presented and children are encouraged to label this object. 102
Here we build upon a previous report of the task (Kohler et al., 2015) , providing 103 a detailed methodology for the presentation and administration of the task as 104 well as updated processing and analysis techniques for use with fTCD in young 105 children (Experiment 1) and older adults (Experiment 2). Experiment 2 also 106 includes a novel validation of What Box with the Word Generation task. 107
Participants were 95 children between 1--and 5--years--of--age. Children 110 were included if English was the primary language, they had no known visual or 111 auditory impairments, learning problems, developmental delays or syndromes 112 affecting cognitive development (e.g., autism or Down syndrome), they were not 113 currently taking medication known to affect cardiovascular blood vessel function 114 or neurocognitive performance (such as a stimulant or psychotropic drug) or 115 suffering from any acute illness, such as a cold. 116
The mean age of included children was 39.46 months (SD = 15, min = 12, 117 max = 67), born between 35--42 weeks gestation, and 49 (52%) were male. In 118 addition to age and gender, child ethnicity (90% Caucasian) and socioeconomic 119 status (1009.2 ± 47.9; using the Australian Bureau of Statistics Index of Relative 120
Socio--economic Advantage/Disadvantage 2011 national census data (National 121 mean = 1000, SD = 100) were recorded. Hand preference was determined by 122 planned observation of the use of age--appropriate objects, based on methods 123 used in children from 6--months of age (Michel, Ovrut, & Harkins, 1985) : 76 124 (80%) were right--handed, 12 (12.63%) were left--handed, and 7 (7.37%) did not 125 demonstrate a dominant hand. 126 display. Images of open and shut cardboard boxes were presented in 14 different 153 colours (aqua, light and dark blue, brown, light and dark green, orange, pink, 154 purple, red, rust, turquoise, white, and yellow). There were 33 different images 155 of objects (e.g., biscuit, bottle, and animals, for a full list see Supplementary Table  156 1) selected as items commonly known by 18--month--old children (from the 157
Oxford Study of Children's Communication Impairments databases). 158
The auditory stimuli included: spoken labels for each of the objects, "Look!" 159 recorded with rising intonation to capture attention, "What's this?", and a series 160 of sound--effects: 13 action files (e.g., spring, cork pop, or whistle), 3 to indicate 161 'thinking' (e.g., Hmm), and 26 celebratory sounds used for reinforcement (e.g., 162 crowd cheers, "yahoo", "yay", and laughing). The spoken words were recorded in 163 a female British accent. 164 The task was introduced as a game with the aim of naming objects in a box 257 that a face finds. The instructions were delivered in developmentally appropriate 258 language including: i) the requirement to wait until something comes out of the 259 box and ii) to label the object that comes out of the box. The first trial was used 260 as practice to ensure the participant understood the requirements of the task. If 261 necessary, the participant's attention was re--directed to the task throughoutrecorded for manual epoch exclusion. 264
Data processing 265
The fTCD data was analysed using dopOSCCI ( Table 1 for descriptive statistics related to these atefacts). Epochs with extreme values were excluded: values beyond ± 50% of the 285 mean or with a left--minus--right difference greater than 8% affecting more than 286 1% of the data within the epoch. Regarding activation separation, we know that 287 the desired effects will be in the magnitude of 3 to 5% change at most, therefore, 288 separations greater than this are likely due to artefact. The cut--off of 8% was 289 based on the 60 th percentile (8.12) of the median difference of the sample 290 (average median difference was 6.6%, interquartile range = 11.39%). We 291 examined the split--half reliability (correlation between laterality indices 292 calculated for the odd and even epochs) as a function of the minimum number of 293 epochs included in the calculation at separations of 7 and 10 (55 th and 65 th 294 percentiles respectively), and with no screening. The number of available epochs 295 varied between individuals and depended upon the activation separation 296 screening. Without screening, the reliability was poor. At an 8% cut--off, the 297 reliability was strongest (see Figure 2) . Second--order quadratic equations (y = B0 298 + B1x + B2x 2 ) differentiated the 8% and 7% separation from the 10%; F(6,18) = 299 4.46, p < .001 (no screening was not included in the analysis); with R 2 values of 300 .99, .84, and .49 respectively (see Table 2 for parameter statistics). The same 301 curve adequately fitted the 8% and 7% separations, F(3,12) = 1.02, p < .42. Weused the more inclusive cut--off: 8%. These summaries at based on a --4 to 1 303 baseline period. 304 305 
Results

355
The group--averaged change in blood flow velocity, for the left and right 356
MCAs, relative to object presentation is displayed in Figure 3 . There are three 357 features to note. The first feature is an early (around 3 secs), non--lateralised 358 peak that likely reflects a rapid, attention--related response to the object 359 presentation. The second feature includes two, left--lateralised peaks (around 6.5 360 and 16 secs) that likely reflect a labelling response to the object and a receptive 361 or repetition response to the verbally presented label. These peaks are includedthe next trial (see Figure 1) has an impact on the task reliability, dependent upon 366 the timing of the baseline period; i.e., this continuation produces poorer 367 reliability for the --14 to --9 baseline compared to --4 to 1 that does not have this 368 Panel B displays the adult data (n = 66) that were calculated with a 21 to 26 sec 375 baseline (equivalent to --14 to --9 but adjusted for visualisation here to maintain 376 the same x--axis). The periods of interest (--5 to 18 secs for infants and 3 to 10 for 377 adults) are also displayed for reference. Please note the y--axis range is greater in 378 panel B.
complete set of the summary statistics for these divisions including sample size, 383 LI estimates, and reliability confidence intervals, see Supplementary Table 2) . 384
Second--order quadratic equations (y = B0 + B1x + B2x 2 , see Table 3 Table 1 ). There was a minimum of 25 trials, and 37 437 were required for two individuals to achieve 20 correct labels. 438
Word Generation 439
The Word Generation task was based on Knecht et al. (1996) 
95% confidence intervals (dashed grey lines). 508
Discussion 509
Here we report the methods and statistical characteristics of a child--510 friendly task for the assessment of language lateralisation using fTCD. The task 511 presentation involves a face 'looking' for something, finding a box, the box 512 opening, and an object appearing. Observers are prompted with "What's this?" 513 and the label of the object, cueing overt and/or covert language production. This 514 was successfully employed with young children aged between 1 and 5 years. 
Future applications 583
Although What Box was designed for research with typically developing 584 infants and toddlers, we also demonstrated its successful assessment of language 585 lateralisation in older adults. The task is simple and may be conducted without 586 verbal instructions. This provides a rare paradigm that can be applied across a 587 broad age--range to map the development of lateralisation. Given the flexibility of 588 the task, it will be useful in populations with atypical development such as 589 dyslexia, specific language impairment, and Autism; where research hasaddition, the simplicity of What Box makes it useful for working with 593 populations where memory for and adherence to the rules associated with Word 594
Generation limit its application; including, intellectual impairment (e.g., Down 595 syndrome, Bowler, Cufflin, & Kiernan, 1985) , cognitive decline such as aging 596 
